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Abstract 
The paper deals with the evaluation of a comparative economic efficiency of various alternative and mixed fuels’ application. 
The method of calculating the efficiency of the use of alternative fuels on reduction the economic damage to the national 
economy pollution environment of the country was proposed. The results of theoretical studies confirming the feasibility of the 
method of calculation are given. The authors conducted the comparative analysis of the indicators of work fuel injection 
equipment and diesel as a whole based on change of the mean values of the effective Kɟ and the Ki efficiency indicator. The 
variants of preservation of the identity of the law of the heat flow in the cylinders of a diesel engine for work on alternative fuels 
and clean diesel fuel are proposed. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction. 
At Currently there is no universal method to enable a comprehensive assessment of the relative economic 
efficiency of application various alternative and mixed fuels [1-8]. This technique if used will give, in our opinion, 
the desired results. 
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2. Relevance of the topic. 
At the same time it is necessary to evaluate the effectiveness of each new alternative fuel in terms of its 
establishment, the cost of installing new devices, reduce the toxicity of exhaust gases, engine fuel consumption 
reduction, changing operating characteristics of diesel. Evaluation of these parameters provides a relatively objective 
pre-submission about the effectiveness of alternative fuels. 
3. Formulation of the problem. 
A number of works are invited to conduct a comparison of methods to reduce toxicity by index K equal to cash 
expenses related to the use each of the methods referred to the 1% decrease in toxicity of exhaust gases. The figure 
we use. 
4. Theoretical part. 
Conducted in accordance with [9] and the data [10,11] calculation of index K for two cases: 
x used as a engine fuel methanol-fuel emulsion (MFE) comprising 70% diesel fuel (DF) and 30% methanol (M) 
with additives; 
x used as a mixed fuel engine, comprising 60% diesel fuel (DF) and 40% rape seed oil 
The index value K can calculated by the formula: 
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where: Cn - the cost of expenses associated with the use of the i - th method, calculated by the formula: 
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where: C1 - cost means of reducing exhaust emissions, rubles; 
a - coefficient of annual shift device equal annual mileage or operating time of the machine; 
Gcf - change diesel fuel consumption in kg / hour; 
b - the cost of 1 kg of fuel, rubles; 
C2 - the cost of operation, maintenance and repair of structural innovations, rubles. 
Ei - the concentration of reducing the effectiveness of the i - th toxic component, calculated by the formula: 
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where: Ci1 – Ci2 - respectively, the concentration of the i - th component without and with the use of the method 
of reducing toxicity, %. 
The effectiveness of the use of alternative fuels can estimated on reduction economic damage to the national 
economy of the country's pollution of the environment. 
Material damage from air pollution for each source can determine by the formula: 
Y R D f M u u u   (4) 
where: Y - the value of the damage, rubles / year; 
 R - relative rate of damage, rub /conditional kg; 
 D - a dimensionless quantity, measure of the relative dangers of air pollution for specific conditions; 
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 g - correction due to the nature of the impurity scattering in the atmosphere, g = 10 for motor vehicles; 
 M - the reduced mass annual emission of pollutants, defined by the formula: 
i iM A m u¦    (5) 
where: Ai - index of relative aggressiveness of impurities i - type, conditional kg / kg; 
mi - annual mass emission impurities i - type per year ton / year. 
The results of these calculations represented in the tabular form (Table 1). 
Calculation analysis (Table 1), carried out for the methanol-fuel emulsions, containing in its composition of 30% 
methanol and mixtures of diesel fuel with rape seed oil in 2014 year prices shows that the value of the index K = 
16032 rubles /% when using MFE with additives, and K = 12670 rubles /% with mixtures of rapeseed oil and diesel 
fuel to reduce nitrogen oxide emissions. 
Soot index K = 16700 rub /% in the case of methanol-fuel emulsion with an additives and K = 10700 rub /% with 
mixtures of rape seed oil and diesel fuel. 
Table 1. The data for calculating the efficiency of the use of methanol-fuel emulsions and mixtures of rape seed oil with diesel fuel for reducing 
toxicity. 
Indicators Diesel 
fuel 
30% methanol 
+ 70% diesel 
fuel 
Diesel 
fuel 
40% rape seed 
oil + 60% diesel 
fuel 
The cost of means for the filing of alternative fuel ɋ1, rub. - 1200 - 120 
Concentration NOx in the exhaust gases when working on diesel fuel, %, ppm 0,036 - 1356 - 
Concentration NOx in the exhaust gases when working on alternative fuel, %, 
ppm 
- 0,014 - 1271 
Concentration ɋ in the exhaust gases when working on diesel fuel, the unit 
Bosch, % 
4,7 - 34 - 
Concentration ɋ in the exhaust gases when working on alternative fuel, the 
unit Bosch, % 
- 2,2 - 25 
Coefficient of annual shift device 1,0 1,0 1,0 1,0 
The cost of 1 kg of fuel, rubles  30=00 - 23,6 
Changing the diesel engine fuel consumption when running on alternative 
fuel, kg/h 
- +1,1 - +0,9 
Annual operating time engine, hour  1000 - 2000 
The cost of operation, maintenance and repair ɋ2, rubles/year  1200 - 600 
Cost of expenses associated with the use of alternative fuels, ɋn, rub.  2400 - 720 
The effectiveness of reducing exhaust emissions Ei for NOx, %  75 - 19 
The effectiveness of reducing exhaust emissions Ei for ɋ, %  72 - 22,5 
The index value K at a reducing NOx in exhaust emissions, rub/%  16032 - 12670 
The index value K with a decrease C in the exhaust gas, rub / %  16700 - 10700 
The economic effect of reducing damage caused by the exhaust gas 
environment, rubles / 1 tractor (1000 Moto hours) per year 
 3420 - 1114 
 
After calculation we get the value of economic efficiency by reducing damage caused by toxic compounds 
ejected into the atmosphere from the exhaust gas of a diesel engine, equal to 3420 rubles / 1 tractor per year with the 
use of methanol-fuel emulsions with additives and 1114 rubles / 1 tractor per year with the use of rapeseed oil 
mixtures and diesel fuel. 
Consequently, the use of methanol-fuel emulsions and mixtures of rapeseed oil with diesel fuel allows for 
15...30% (depending on the operating mode of the diesel engine) to reduce the consumption of scarce diesel fuel, 
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which is around 250 thousand. Rubles / year 1 tractor (in prices of 2014) and significantly reduce environmental 
concerns by reducing, environmental damage by exhaust gases. 
Normal work of a diesel engine with the use of alternative fuel seems to be quite problematic without making 
constructive changes in the fuel control system [12-14]. It is convenient to consider, based on figures 1. 
 
 
Fig. 1. Characteristics of fuel delivery high-pressure fuel pump: 1 - installed by the factory dependence qc = f(h) ; 2 – dependence Q = f(h)  to 
diesel fuel ; 3 - according to Q = f(h) to alternative fuels ; 4 – depending  Q = f(h) ; for the alternative fuel pump based on the adjustment. 
In real operating conditions of the fuel equipment installed by the manufacturer of frame geometry dependence 
on supply rail running can be represented by a straight line (line 1 in Fig. 1). 
In view of the estimated lower combustion heat diesel fuel dependence of the heat supply to the cylinders of the 
running rail and looks straight (whether of-2). When using diesel and fuel equipment liquid alter-native fuels the 
amount of cyclic feeding can be considered constant (line 1 in Fig. 1 does not move). 
The dependence of the heat input to the cylinders of the running rail takes the position of the bottom line 3. 
Adjustment of the pump in final form, allows for heat input take law line 4 with a lesser angle of inclination. 
Analysis of the obtained characteristic allows to evaluate the work of diesel fuels containing methanol, ethanol or 
rapeseed oil as follows: 
- gets worse of the diesel engine in case of overload - shift rail to the right on the drawing, as the reduced nominal 
safety factor of torque and the ability to overcome the overload; 
- broken high-speed diesel engine operation. In a position corresponding to switch off supply when operating on 
diesel fuel, feed off is observed. The cycle feed in this case is 
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Usually diesel torque control is maintained in accordance with the external load. For a given mean value engine 
speed is determined by the use of diesel power the average value of torque [15-17]. 
Thus, the efficiency of the developed design and technological activities comfortably to estimate the change in 
the average value of the effective Eɟ and indicator Ei efficiency. 
Let us consider the speed mode at the maximum torque nMtmax and mode maximum speed idling nSimax. We 
consider that diesel and diesel fuel and flex-fuel runs without modifications to the fuel equipment. 
To speed mode when the maximum torque 
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and the mode is the maximum frequency of rotation of idling 
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where: Ɇt.ɟ, Ɇi, respectively, and the values of the effective and the indicator torque; 
S - angular speed of the crankshaft, s-1; 
Gf - hour consumption of diesel and alternative fuel, kg / h; 
Ql - lower calculated heat of combustion of fuel. 
As can be seen from Table. 2, work on methane-diesel fuel emulsion and serial fuel equipment even after the 
adjustment in the nominal mode will be accompanied by a decrease in the effective efficiency from 27,9% to 25,2% 
of the maximum torque and decrease mode indicated efficiency from 17,3% to 16,04% at maximum idling speed. 
Table 2. The data for calculating the efficiency of the fuel equipment modernization 
Mode S, s-1 Fuel Qn, 
MJ/kg 
Gf, 
kg/h 
Ɇt.e, 
Num 
Ɇi, 
Num 
Eɟ, % Ei, % 
nnom 188,4 Diesel fuel 42,5 4,55 94 - 32,96 - 
Methanol-fuel emulsion 34,53 5,61 94 - 32,91  
nMt.e.max 146,5 Diesel fuel 42,5 4,53 102 - 27,9 - 
Methanol-fuel emulsion 34,53 5,02 82,8 - 25,2 - 
ns.i.max 198,8 Diesel fuel 42,5 1,89 - 19,5 - 17,3 
Methanol-fuel emulsion 34,53 2,58 - 19,5 - 16,04 
nnom 230,3 Diesel fuel 42,5 13,65 260 - 37,15 - 
40% rape seed oil + 60% diesel fuel 40,38 14,54 258 - 36,40 - 
nMt.e.max 177,9 Diesel fuel 42,5 11,3 290 - 38,67 - 
40% rape seed oil + 60% diesel fuel 40,38 12,15 283 - 36,94 - 
ns.i.max 242,8 Diesel fuel 42,5 3,10 - 26,2 - 17,38 
40% rape oil rape seed oil + 60% 
diesel fuel 
40,38 3,53 - 26,2 - 16,06 
 
When operating on a mixture of diesel rape seed oil with diesel fuel and serial equipment even after adjusting it 
to the nominal conditions will be a decrease in the effective efficiency from 38,67% to 36,94% at maximum torque 
and with reduction indicator efficiency from 17,38% to 16,06% in the maximum idling speed. 
Therefore, you must make changes in the design of the fuel supply apparatus that improve efficiencies to the 
level of serial diesel. 
The problem can be solved by using the upgraded control systems [18,19] or of pump elements [20,21] new 
design. 
This increases the effective efficiency on 2,7% at maximum torque and indicated efficiency on 1,26% at 
maximum idle speed of a diesel engine when operating on methanol-fuel emulsion to the level of serial diesel 
operation. 
When operating on diesel oil, and mixtures of rape seed diesel fuel efficiency improving effective will be 1,73% 
at maximum torque and indicated efficiency 1,44% at maximum idling speed. 
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5. Conclusions: 
1. Evaluation of the efficacy of various alternative and mixed fuels is possible to carry out largest decline of 
economic damage to the national economy of the country's pollution of the environment. 
2. The use of methanol-fuel emulsions and mixtures of rape seed oil with diesel fuel can significantly reduce 
consumption and reduce environmental concerns by reducing, environmental damage caused by exhaust 
gases. 
3. The use of the proposed design solutions allows to achieve the identity to law of heat supply in diesel 
cylinders with its alternative fuels and mixed operating on pure diesel fuel. 
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